Objective: Youth-onset type 2 diabetes is an emerging disease. We estimated incidence and prevalence trends of youth-onset type 2 diabetes between 2002 and 2013 in the Canadian province of British Columbia.
| INTRODUCTION
Incidence rates of youth-onset type 2 diabetes vary worldwide. In the United States (2007), annual incidence rate was 9.0 cases per 100 000 youth 0 to 19 years of age per year, 1 while in Canada (2006) (2007) (2008) , the annual minimum incidence rate was 1.54 cases per 100 000 youth <18 years of age. 2 The United Kingdom and other
European countries report much lower rates of youth-onset type 2 diabetes. 3, 4 Although the absolute number of cases of youth-onset type 2 diabetes appear inconsequential when compared to the number of cases in adults, the natural history of this emerging disease suggests youth-onset type 2 diabetes will significantly impact the health of children and youth today, and for generations to come.
Youth-onset type 2 diabetes is materializing to be a more severe disease than adult-onset type 2 diabetes. As shown by the TODAY Study Group that conducted a clinical trial in the United States to maintain glycemic control in youth-onset type 2 diabetes, diabetesrelated complications develop quickly 5, 6 and are often present at diagnosis. 2 SEARCH reported that, when compared to youth with type 1 diabetes, those with type 2 diabetes have a significantly increased higher odds of developing diabetic kidney disease, retinopathy, and peripheral neuropathy. 7 Also, treatment of youth-onset type 2 diabetes with oral hypoglycemic agents is largely ineffective and almost 50% of cases require subcutaneous insulin because of metabolic decompensation. 8 Mortality is also higher in those who develop type 2 diabetes at a young age where an inverse relationship between age of diabetes onset and standardized mortality ratio (SMR) has been reported with the highest SMR (3. excluded from the analysis ( Figure 1 ).
| Definition of main outcomes
We identified incident and prevalent cases for each fiscal year (April 
| Statistical analysis
Age-standardized incidence (per 100 000) and prevalence rates (per 100) were calculated using 1990/1991 Canadian population as the standard population and Census data (StatsCan) on the British Columbia (BC) population <20 years of age. The JoinPoint regression analysis program (V4.3.1.0) was used to examine the trends in agestandardized incidence and prevalence rates, overall, and by gender.
We used the permutation test (with 5000 randomly permuted datasets) method in the JoinPoint program that selects the best fitting piecewise continuous log-linear model 16 (Table S1 in Appendix S1, Supporting information). The sex differences in type 2 diabetes incidence widened after 2010 ( Figure 2A ). (Table S1 in Appendix S1). (Table S2 in Appendix S1).
| Prevalence of youth-onset type 2 diabetes
The APC in the overall prevalence was 7.89 (95% CI: 6.41, 9.40; P < 0.0001), while the same for females and males was 7.98 (95% CI:
6.94, 9.02; P < 0.0001) and 7.77 (95% CI: 4.09, 11.57; P = 0.001), respectively. Prevalence increased at a much higher rate from 2002 to 2008 (APC: 10.84, 95% CI: 8.64, 13.08; P < 0.0001) followed by a slower increase thereafter (APC: 3.86, 95% CI: 0.80, 7.0; P = 0.021).
A significant increase in prevalence was also found among females aged 10 to 14 years. 
| DISCUSSION
To our knowledge, this study is the first of its kind to use administrative health data to describe trends in youth-onset type 2 diabetes.
We report an increasing trend in the incidence and prevalence of youth-onset type 2 diabetes over the last decade in a populationbased sample of Canadian youth, with distinct sex differences where young females are affected more than males. Our data show a 3:1 female predominance for youth-onset type 2 diabetes in 2012/2013, and a widening gap in incidence between males and females since 2005. These sex differences have been described in the literature, and across all ethnic groups. 10, 17, 21 Interestingly, in adults, the opposite has been reported; globally, 15.6 million more men than women had diabetes in 2015. 22 There continues to be a considerable gap in knowledge on the complex interplay of hormones, genes, lifestyle and environment that might contribute to the sex differences in rates of youth-onset type 2 diabetes, and why this trend reverses in adulthood. Insulin resistance during puberty can be as much as 30% greater in girls compared to boys 23 and a recent study by Cooper et al showed that pubertal females have a 30 to 40% higher insulinaemic response to a high glycemic index meal compared to pubertal males. 24 These sex differences may partly be explained by higher adiposity in pubertal females vs males. 25, 26 Increased prevalence of youth-onset type 2 diabetes in females 15 years of age and older may also be due to more frequent screening and/or recognition of type 2 diabetes as part of the prenatal medical assessment. Lastly, our data may have inadvertently captured young females with polycystic ovarian syndrome treated with metformin where the physician incorrectly used a diabetes diagnostic code.
Higher rates of type 2 diabetes in females entering child-bearing age has significant implications and requires an immediate public health response. The TODAY trial reported on female youth with type 2 diabetes (mean diabetes duration of 3 years) who became pregnant (N = 53 pregnancies). Among these pregnancies, almost 25% resulted in fetal loss and 2 ended in stillbirth. Of the pregnancies resulting in a live-born infant, 15% were preterm and 20% had a major congenital anomaly. 27 There is also strong evidence supporting that fetal over-nutrition and a hyperglycemic intrauterine environment increases the risk of obesity and early-onset type 2 diabetes in the offspring, resulting in a vicious cycle that may be contributing to increasing rates of youth-onset type 2 diabetes. 28 In Canada, incidence rates of both gestational and pre-gestational diabetes doubled from 1996 to 2010 in women aged 15 to 50 years. 29 Rising rates of youth-onset type 2 diabetes will add to this increasing burden of diabetes in pregnancy.
This study has several strengths: it is population-based, includes Youth-onset type 2 diabetes is increasing at an alarming rate and if prevention efforts are not given priority among public health officials, the number of cases in British Columbia, Canada, will increase by 5-fold by the year 2030. British Columbia has some of the lowest rates of childhood obesity and overweight in Canada, and therefore, rates in other provinces are likely at least similar, if not higher than what is reported here. The greatest burden of youth-onset type 2 diabetes is in older youth aged 15 to 19 years who likely access primary, rather than pediatric care. Therefore, increasing awareness of youthonset type 2 diabetes among primary care practitioners is critical to ensure early identification and initiation of management so as to prevent serious diabetes-related complications and early mortality. The female predominance is particularly concerning considering the impact of maternal obesity and diabetes during pregnancy on the metabolic health of future offspring. Our findings will inform resource allocation for health services and public health, and ongoing surveillance will help to assess the impact of diabetes prevention initiatives designed for youth. Further research is needed to examine factors contributing to rising rates of youth-onset type 2 diabetes as well as the pathophysiological and environmental mechanisms leading to the observed sex differences.
